The use of endophenotypes, biological traits that increase the liability to a disorder, represents one strat egy to facilitate the detection of susceptibility genes for com plex behavioral disorders such as schizophrenia. Estab lishing that a candidate trait is both heritable and linked genetically to schizophrenia is integral to its validity as an endophenotypic marker. Neurocognitive deficits are among the most promising indicators of increased risk for schizo phrenia; however, it is not clear to what extent these defi cits are genetically linked to the disorder.
B
EHIND THE CATEGORICAL diagnosis of complex disor ders, there are probably continuously distributed liability traits that could provide more power to discover relevant quantitative trait loci than the clinical phenotypes of the disorders themselves. 1 Schizophrenia, like hypertension for example, is increasingly viewed as repre senting the extreme end of a set of quan titative traits that are continuously dis tributed in the population from normal to abnormal. [1] [2] [3] Given this, one promising strategy is to decompose the disorder into more basic constructs that reflect increased liability in order to identify the alleles associated with normal variation of these traits, effectively identifying the genes that contribute to the development of schizophrenia.
Neurocognitive deficits are among the most promising of the possible indicators of this liability. This is suggested by the evi dence that cognitive impairment (1) is present in first-episode schizophrenia; (2) remains relatively stable throughout the course of illness; (3) cannot be totally ex plained by the effect of symptoms or medi cation; (4) appears to be present before the onset of the disorder; and (5) is even found among some healthy relatives of patients with schizophrenia. In relation to the last point, prospective high-risk and family stud ies suggest a familial impairment in sev eral cognitive domains, and in general in tellectual function, among the relatives of patients with schizophrenia. [4] [5] [6] [7] [8] [9] However, family and high-risk studies cannot differ entiate between shared environmental or ge netic factors. Twin studies are the most pow erful design to clarify this question, but to our knowledge there have been only a handful of pub lished studies on neurocognitive performance in twins who have schizophrenia. [10] [11] [12] [13] None of these have used genetic modeling to explore whether the well-recognized correla tion between schizophrenia and cognitive impairment is in fact due to shared genetic factors. If so, neurocognition could be considered a valid marker for future molecular genetic studies.
Structural equation modeling, or genetic modeling, separates the covariance between 2 variables (eg, schizo phrenia and intelligence) into genetic and environmen tal components. The former indicates the degree to which the same genes influence the 2 traits, and the latter re flects the level to which the same phenotypic covari ance is induced by the environment. 1, 14 For the first time to our knowledge, we applied this approach to neuro cognitive data from monozygotic (MZ) and dizygotic (DZ) twins with and without schizophrenia.
More specifically, in a sample of 267 twins varying in zygosity, concordance for schizophrenia, and disease sta tus, we assessed the following: (1) differences in intelli gence, working memory, processing speed, perceptual or ganization, and verbal comprehension using linear regression models to get an indication of the perfor mance of the MZ and DZ pairs who were concordant and discordant for schizophrenia against control twins be fore proceeding with the more sophisticated structural equation modeling approach; (2) the genetic (ie, herita bility) and environmental sources of variation for intel ligence and the other cognitive domains; and (3) the ex tent to which the covariation between schizophrenia and neurocognition is due to genetic overlap or common en vironmental effects. In particular, genetic model fitting was used, which applies the method of maximum like lihood to directly estimate model parameters (additive genetic effects, A; environmental effects that are shared between twins, C; and influences that twins do not share, E) from the observed variance-covariance matrices of MZ and DZ twins.
We hypothesized the following: (1) cognitive impair ment in schizophrenia would be genetically influenced so that the closer the genetic relationship of the co-twins (MZ vs DZ) is, the greater the cognitive dysfunction is; (2) the cognitive domains would be moderately to highly heri table; (3) genetic variation relevant to normal differences in intelligence would substantially overlap with that re lated to liability to schizophrenia; and (4) those domains of cognitive function that are less prone to improvement, such as working memory, will be more heritable and more genetically linked to schizophrenia. The first hypothesis is based on the regression models, whereas the others can be tested from the genetic models.
METHODS

PARTICIPANTS
Probands with schizophrenia were recruited nationally through out the United Kingdom from National Health Service treat ment centers through referrals by their treating psychiatrist. In the United Kingdom, the National Health Service is a compre hensive national treatment service funded centrally and free at the point of delivery for all aspects of health care. By virtue of its financial and organizational structure, it is hugely inclu sive and as a consequence cares for most patients with schizo phrenia, making it a very representative system from which to recruit. Control twins were recruited from a volunteer twin reg ister held at the Institute of Psychiatry, London, England. Ex clusion criteria applied to all of the groups were age younger than 18 years, a history of a neurological disorder or of a sys temic illness with known neurological complications, a his tory of significant head injury associated with loss of conscious ness for more than 1 minute, and current harmful substance use or dependence (defined as within the last 12 months). No candidate included in the study had a psychotic illness di rectly attributable to the harmful use of illicit substances. The study was approved by the UK Multicenter Research Ethics Com mittee and all of the subjects gave written informed consent before participating.
CLINICAL ASSESSMENT
The DSM-IV diagnoses were made using the Schedule for Affec tive Disorders and Schizophrenia-Lifetime Version, 15 supple mented by information from medical notes or by using the Struc tured Clinical Interview for DSM-IV. 16 Psychotic symptoms in the probands in the month before testing were assessed using the Scale for the Assessment of Positive Symptoms 17 (SAPS) and the Scale for the Assessment of Negative Symptoms 18 (SANS). Zygosity was determined by assessment of 12 highly polymor phic microsatellite markers and a standardized twin likeness ques tionnaire. Medication status was recorded at the time of the as sessment, and age at first contact with psychiatric services was ascertained to serve as a proxy index of age at illness onset.
In concordant pairs, both members fulfilled criteria for DSM-IV schizophrenia or schizoaffective disorder. In discordant pairs, 1 member was diagnosed with DSM-IV schizophrenia, whereas the co-twin was free of any psychotic illness. In control pairs, both members were free of personal or family history of psychosis or schizophrenia spectrum disorder. The probability that any of the discordant pairs would become concordant for schizophrenia in the future was low given that a mean (SD) of 12.54 (10.19) years had elapsed since the onset of illness in the patients.
NEUROCOGNITIVE ASSESSMENTS
The full UK version of the Wechsler Adult Intelligence Scale third edition was administered to all of the participants. 19 This con sists of 14 subtests each designed to engage a distinct aspect of cognitive behavior. In addition to full-scale IQ, the subtests of the Wechsler Adult Intelligence Scale third edition can be orga nized to provide indexes of the following 4 more refined do mains of cognitive function: (1) working memory, the compos ite score of arithmetic, digit span, and letter-number sequencing subtests; (2) processing speed, the composite score of digit sym bol and symbol search subtests; (3) perceptual organization, the composite score of picture completion, block design, and ma trix reasoning subtests; and (4) verbal comprehension, the com posite score of vocabulary, similarities, and information subtests. The validity of these 4 indexes has been established. 20 
ANALYSES
Regression Models to Compare Adjusted Mean Differences Between Groups
Data drawn from members of the same family can correlate and are not considered to be independent, violating the assumption of independence made in analyses of variance. As a result, mean comparisons were analyzed using the regress command in Stata This allows for nonindependence of observations by using a ro bust sandwich estimator to calculate standard errors. After es tablishing a main effect of group, planned post hoc tests be tween MZ concordant pairs, probands from MZ discordant pairs, and unaffected co-twins from discordant pairs were compared with MZ control twins. Similarly, affected and unaffected members of DZ pairs discordant for schizophrenia were compared with DZ control twins. All of the scores were age adjusted and sex was in cluded as a covariate in the analyses.
Preparation of Data Prior to Model Fitting
As is customary, prior to model fitting, all of the sources of varia tion in cognitive function that were considered to represent a cause of nuisance or noise variance in the trait were partitioned out. Consequently, the effects of age, sex, and education were re gressed out in the Stata program. Even though educational level is confounded by several variables, including the presence of psy chiatric disorder, we felt that the most conservative strategy was to regress out these effects before twin modeling given that edu cational attainment is highly predictive of cognitive perfor mance. In this way, interpretation of the results is more straight forward. Because simultaneous analyses of dichotomous and continuous data could not be performed, both schizophrenia, which was scored as a dichotomous attribute, and cognition, which was scored as a continuous variable, were modeled as threshold traits. Accordingly, each cognitive measure was ordinalized into 5 equal classes in terms of proportions, which captured most of the information in the continuous data, in the Stata program be fore transferring data into MX software for statistical modeling (Michael Neale, Department of Psychiatry, Virginia Common wealth University, Richmond; http://www.vcu.edu/mx).
Background to Twin Modeling
Because of the difference in genetic proximity between twins with different zygosities, identical twins correlate 1 for additive ge netic effects (A) (also known as narrow heritability, h 2 ), repre senting the combined effect of alleles at a locus and across loci that add up to affect behavior, whereas nonidentical twins cor relate half of that (ie, 0.5). 3 Conversely, both types of twins cor relate equally as 1 for environmental effects that both twins share (C or c 2 ), such as parenting, whereas unique environmental ef fects or influences (E or e 2 ) that twins do not share, such as ac cidents, are modeled in both twin types as 0. As a consequence of these different degrees of genetic correlations between MZ and DZ twins but the same degree of correlation in environmental influences, a higher correlation in MZ twins than in DZ twins would represent the effect of the higher proportion of genes shared among MZ twins.
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Bivariate Twin Modeling
Bivariate models are concerned with estimating A, C, and E of the individual variables due to the MZ to DZ cross-twin within trait (trait A in twin 1 with that of the co-twin) correlation, as well as with partitioning the covariance between the 2 traits into A, C, and E by means of the cross-twin cross-trait (trait A in twin 1 with trait B of the co-twin) MZ to DZ correlation ratios. Sig nificant cross-twin within-or cross-trait covariances imply that common etiological factors between the 2 traits are familial. Whether these common familial etiological influences are ge netic or environmental in origin is inferred by the MZ to DZ ratio of the cross-twin within-or cross-trait covariances. 21 For ex ample, if the cross-twin cross-trait correlation was greater for MZ twins than for DZ twins at about 2 to 1, respectively, this would imply that A contributes to the phenotypic correlation between the 2 traits. A ratio of 1:1 suggests that the same influences of C are inducing a correlation between the 2 traits. Nonsignificant cross twin cross-trait correlations suggest that the shared etiological in fluences on the 2 traits are due to E and therefore not due to fa milial effects.
The partitioning of the covariation between schizophrenia and each cognitive measure into the genetic, shared environmental, and unique environmental sources of covariation yields genetic (r g ), common environmental (r c ), and individual-specific envi ronmental (r e ) correlations, respectively. The r g indicates the ex tent to which the same genetic effects influence both schizo phrenia and neurocognition, whereas the r c reflects the degree to which the environmental effects inducing a shared environ mental correlation for 1 trait (eg, working memory) are the same as those in the second trait (eg, schizophrenia). The level to which the unique environmental influences are common in both traits is given by the r e . A genetic correlation of 1.0 would suggest that all of the additive genetic influences that act on 1 trait also in fluence the second. Similarly, an environmental correlation of 0 would imply that the environmental influences on, say, the li ability to schizophrenia are independent of the environmental effects on intelligence.
As the r g , r c , and r e correlations do not take into account the heritability of either trait, it is possible for a large genetic correlation to actually explain a very small portion of the ob served covariation between these 2 traits. Combining the in formation from the r g , r c , and r e with the heritabilities c 2 and e 2 of each trait, we can establish the genetic (r ph-a ), common en vironmental (r ph-c ), and unique environmental (r ph-e ) contribu tions to the total phenotypic correlation (r ph ) between 2 traits. The bivariate models assumed a continuum of genetic risk that is normally distributed with the disorder occurring only when a certain threshold of liability is exceeded. Both affected and un affected individuals were assumed to be part of the same distri bution of liability to the disorder, with each individual being either below or above the threshold. Because data were from twin pairs selected for schizophrenia rather than from a random sample and therefore the heritability of schizophrenia could not be esti mated, the model parameters for schizophrenia were fixed to val ues estimated by a meta-analysis 22 and the threshold to the popu lation prevalence. Accordingly, the model parameters for schizophrenia were fixed to the point estimates of the meta analyses as follows: h 2 =0.81, c 2 =0.11, e 2 =0.08. The analyses were repeated using a different genetic model for schizophrenia based on the lower limit of the 95% confidence interval (CI) of heri tability in liability to schizophrenia, h 2 =0.73, c 2 =0.19, e 2 =0.08, of the same meta-analyses. However, as the different parameter estimates for schizophrenia had virtually no effect on the main results of the study, we report the findings of the first analyses. The lifetime prevalence of schizophrenia was set to 1%.
The variance of individual scores on a trait and the within pair covariances in the same trait or across traits were summa rized by a series of structural equations in MX. From these equa tions it was possible to estimate the maximum-likelihood genetic and environmental variance components of the neurocogni tive measures and the covariance between these measures with the genetic liability to schizophrenia. A goodness-of-fit index (� 2 ) was obtained by computing the difference in likelihoods and the degrees of freedom between the genetic ACE model and the observed variance-covariance matrices. More informa tion on these models can be found in the articles by Rijsdijk et al 23 ted a constrained correlational model to the MZ and DZ data to get 1 within-twin cross-trait correlation (eg, intelligence with li ability to schizophrenia) equal across all of the individuals in the sample regardless of their zygosity and birth order, 1 MZ and 1 DZ cross-twin cross-trait correlation, and 1 MZ and 1 DZ cross twin within-cognitive-test correlation. In line with the correc tion for selection described earlier, in each correlational model for schizophrenia, the MZ and DZ cross-twin correlations were fixed according to the point estimates of the meta-analysis, r MZ =0.92 and r DZ =0.52.
RESULTS
DEMOGRAPHIC AND CLINICAL VARIABLES
Two hundred sixty-seven twins contributed to the study, 185 MZ and 82 DZ. There were 48 members from 24 MZ concordant twin pairs, 26 members from 14 MZ discordant pairs (14 probands, 12 co-twins), 111 members from 56 MZ control twin pairs, 22 members from 11 DZ discordant twin pairs, and 60 members from 30 DZ control pairs. Data were excluded from 3 participants who were unable to complete the assessment due to fatigue. Table 1 summarizes the demographicdata.Amongthe23nonschizophrenicco-twins of the discordant pairs, 16 met criteria for historical DSM IV Axis I diagnosis: 4 with depression only, 2 with depres sion and panic disorder, 2 with depression and generalized anxiety disorder, 1 with depression, panic disorder, and ago raphobia, 1 with depression, panic disorder, and general ized anxiety disorder, 1 with depression and phobia, 1 with depression, alcohol and substance abuse, and obsessive compulsive disorder (OCD), 1 with depression and alco hol abuse, 1 with depression, drug abuse, and panic disor der, 1 with alcohol abuse, and 1 with manic episode, panic disorder, and OCD. Among the control twins, 15 individu als met criteria for historical DSM-IV Axis I diagnosis: 11 with depression, 1 with depression, panic disorder, OCD, andagoraphobia,1withpanicdisorderandgeneralizedanxi ety disorder, 1 with depression, mania, panic disorder, and OCD, and 1 with depression, panic disorder, OCD, and pho bia. No co-twins without schizophrenia or healthy control subjects were unwell at the time of testing, none were un der medical supervision, and none were receiving any psy chotropic medication at the time of assessment.
RESULTS FROM THE REGRESSION ANALYSES
The summary statistics are given in Table 2 , whereas Table 3 presents the results of the regression analyses. Patients irrespective of zygosity or concordance per formed worse than control subjects on all of the measures. The nonpsychotic co-twins from MZ discordant pairs also scored significantly worse than control sub jects on all of the tests, whereas their DZ counterparts did not score significantly differently from controls on any measure except perceptual organization.
RESULTS FROM THE BIVARIATE TWIN MODELING ANALYSES
Standardized Estimates for Each Neurocognitive Domain
The cross-twin within-trait correlations are given in Table 4 . All of the within-pair covariances were greater for MZ twins than for DZ twins, and in the case of MZ pairs, every correlation was significant. In the DZ pairs, 2 of the covariances were statistically significant, those for verbal comprehension and working memory. 
A, C, and E Overlap Between Each Cognitive Test and Schizophrenia
The cross-twin cross-trait covariances are given in Table 4 . All of the correlations for MZ twins were greater than for DZ twins. Both zygosity types corre lated significantly for all of the measures except for working memory in the DZ sample. The extent to which 2 traits share the same genetic, common environ mental, and unique environmental effects is given by the correlations r g , r c , and r e , respectively ( Table 6 and Figure) . Apart from processing speed, all of the neuro cognitive measures had significant genetic correlations (r g ) with schizophrenia: working memory (r g = −0.79; 95% CI, −1.00 to −0. Abbreviations: CI, confidence interval; WAIS, Wechsler Adult Intelligence Scale. a r ph-a , r ph-c , and r ph-e indicate the phenotypic correlations due to additive genetic, shared environmental, and specific environmental influence, respectively. r ph indicates the total phenotypic correlation. r g , r c , and r e indicate the genetic, shared environmental, and specific environmental correlations, respectively. The fixed genetic model for schizophrenia used the following parameters: h 2 = 0.81, c 2 = 0.11, e 2 = 0.08. The 95% CIs including 0 indicate statistical nonsignificance.
CI, −0.98 to −0.08) with schizophrenia. No r c correla tions were significant, and the r e correlations were also nonsignificant for most measures except for processing speed (r e =−0.92; 95% CI, −0.99 to −0.48).
The phenotypic correlations (r ph ) suggested that increased liability to schizophrenia was associated with worsening performance in all of the measures assessed (Table 6 ). Intelligence (r ph = −0.61) and processing speed (r ph =−0.57) had the highest phenotypic correla tion with schizophrenia. The parts of the phenotypic correlations that are due to shared genetic influences (r ph-a ), shared environmental effects (r ph-c ), and unique environmental effects (r ph-e ) are presented in Table 6 . As with the r g correlations, intelligence (r ph-a = −0.56), working memory (r ph-a =−0.57), and perceptual organi zation (r ph-a =−0.43) shared the highest genetic variance with schizophrenia. For example, genetic influences that are shared by IQ and schizophrenia, (−0.56/−0.61) �100, accounted for 92% of the phenotypic correlation between intelligence (Wechsler Adult Intelligence Scale full-scale IQ) and schizophrenia. In the same way, shared additive effects explained 50% of the phenotypic correlation between verbal comprehension (r ph =−0.42) and schizophrenia, (−0.21/−0.42)�100.
COMMENT
Patients with schizophrenia, and to some degree their co twins without psychosis, performed significantly worse than control subjects. While the healthy co-twins of the MZ sample had lower performances compared with control subjects on all of the measures, their DZ counterparts per formed worse than control subjects in only a single mea sure. This is consistent with the idea that the greater the genetic loading is for schizophrenia, the larger and more dispersed is the cognitive impairment, an assumption that is consistent with the available literature. 12 We went beyond this interpretation and quantified the strength of the relationship between neurocognition and schizophrenia using structural equation models. Based on these analyses, intelligence and working memory had the highest proportion of interindividual differences as sociated with genetic effects and also shared the largest genetic variance with schizophrenia. Perceptual organi zation was also moderately related to the disorder, whereas processing speed and verbal comprehension were the least genetically linked to schizophrenia. Asanticipated,intelligencewassubstantiallyheritable,with 70% of the total variance accounted for by additive genetic effects. The remaining variation was mainly due to individual specific environmental factors, while the effects of shared en vironment were almost negligible. The increase of heritabil ity from early childhood to middle childhood to adulthood, with the expected decrease of shared environmental influ ences(whicharemoreprominentinchildhood),isawellrep licated though poorly understood finding. 25, 26 The extent to which genetic factors are shared be tween intelligence and schizophrenia is expressed as r g =−0.75 and suggests that the same genes contribute to individual differences in intelligence and to the liability to schizophrenia. As the correlation is only −0.75, [1− (−0.75 2 )] or 44% of the genetic variance in schizophre nia is independent of intelligence, suggesting that both traits have some genes whose effects are specific. Simi lar observations have been made for attention-deficit/ hyperactivity disorder and IQ, although the correla tions were much lower (r g =−0.45). 2 Analogous approaches have also been used to examine the genetic overlap be tween major depression and generalized anxiety disor der 27 and between neuroticism and major depression. Nonetheless, such inferences concerning the relation ship between schizophrenia and intelligence rarely come without caveats. First, as has been noted before, 29 in poly genic systems genetic correlations may not always repre sent common genes influencing 2 or more traits. While in ferences of common genes between 2 traits may indeed be true, a genetic correlation is insufficient proof for this sort of conclusion. For example, it has been shown that it is pos sible for 2 variables sharing all genes in common to yield low genetic correlations and for traits with only a few genes in common to have high genetic correlations. 29 Even so, it is generally accepted that these inferences about common genes are more justified when the following occur: (1) ge netic correlations are substantial, (2) the assumption of ad ditive genetic effects is correct, and (3) there is sufficient evidence to reject a major gene model, 29 all 3 of which are true in the context of this study. Second, as with any cor relation, genetic correlations are not directional and there fore the path of causation cannot be inferred: lower intel ligence may increase liability to schizophrenia or schizophrenia may cause lower intelligence. However, the lower scores of MZ discordant twins across the host of tests indicate that it is the genes of schizophrenia that reduce scores in our twins rather than the presence of schizophre nia. Third, it is possible that schizophrenia and intelli gence correlate because both are associated separately with a third factor (ie, there is a common cause). For instance, studies have shown that schizophrenia is associated with structural brain abnormalities 23, 30, 31 and that intelligence is correlated with whole and gray brain matter volumes. 32 It would therefore be of interest to examine how much, if any, of the genetic correlation between schizophrenia and in telligence is explained by a genetic correlation of both traits with brain volumes.
Genetic correlations between 2 traits do not normally take account of their respective heritabilities. Conse quently, it may be possible to have a genetic correlation that is very high but only explains a small portion of the observed covariance if the 2 traits are not highly heri table. To counter this, the modeling approach combined r g with the heritability of each trait to calculate that part of the phenotypic correlation attributable to shared ge netic influences. This revealed that 92% of the pheno typic correlation between intelligence and schizophrenia was due to common additive genetic factors, suggesting that quantitative trait loci studies of intelligence in healthy people may also be relevant to schizophrenia. [33] [34] [35] Environmental factors played a negligible role in the co variation between intelligence and schizophrenia, suggest ing that there is no significant overlap in environmental influences on the 2 traits or that the effects are too small to be detected in this study. Consequently, the lack of any shared environmental correlation suggests that the fac tors that make family members similar for intelligence are not the same as those that influence the liability to schizo phrenia. Similarly, the lack of a unique environmental cor relation implies that whatever makes family members dif ferent in terms of their liability to schizophrenia is not the same as that which makes them different for intelligence.
Intelligence comprises multiple abilities that normally work together seamlessly to produce a unitary outcome. Bat teries designed to assess general intellectual function by and large reflect this model and consist of several subtests that are each intended to assess a different skill. While each in theory measures a distinct aspect of cognition, overlap is inevitable. In the case of the Wechsler Adult Intelligence Scale third edition, factor analyses have identified the fol lowing 4 major factors: working memory, perceptual or ganization, processing speed, and verbal comprehension. 19 Working memory was both the most genetically influ enced and the most genetically correlated with schizophre nia, suggesting that a portion of the interindividual variance in working memory is shared with the interindividual vari ance in liability to schizophrenia. Working memory is the ability to retain and manipulate information mentally and contributes substantially to Spearman g, 36,37 the process or processesthatexplainabout40%ofthevarianceamongtests. As with intelligence, identifying the genes relevant to work ing memory ability should assist in the search for the genes related to increased liability to schizophrenia.
Perceptual organization also shares some genetic vari ability with schizophrenia (r g =−0.61; r ph-a =−0.43). Percep tual organization is the ability to perceive relationships within spatial or visual components as well as social set tings. Additive genetic influences explained most of the vari ance in perceptual organization, with about a third of the difference attributed to unique environmental effects.
The other 2 indexes, processing speed, a measure of time taken to complete certain tasks, and verbal com prehension, an index of verbal ability, were moderately influenced by environmental factors as well as by addi tive genetic effects. Both showed only small to moderate shared genetic variance with schizophrenia, which would make them unlikely candidates in the search for genes that increase liability to schizophrenia.
Our findings should be seen in the context of some limi tations. First, most of the multivariate modeling in the psy chiatric literature is based on analysis of population-based cohorts of twins, increasing confidence in the generaliz ability of parameter estimates. Such a design is much less feasible when integrating performance-based measures of cognition as was done here, and it would not seem appro priate to require it. The generalizability question then hinges to a large extent on the representativeness of both pheno types (schizophrenia, cognitive function) in the twins sampled compared with those in the overall population. Despite recruiting nationally through the UK National Health Service and assessing every twin who fulfilled the study's entry criteria and consented to contribute, we do not have a way of knowing whether individuals who volunteered to take part in the study are systematically different from those who did not. Nonetheless, this aspect of volunteering or consenting to do research was present in the control twins as well, thereby reducing variability between samples due to this aspect. Second, although the genetic covariances are quite large and this constitutes a novel contribution, the 95% CIs around these estimates are also large, reflecting that the number of twin pairs available for analysis is on the border of those needed for effective application of these bivariate statistical approaches. Third, the study design is underpowered in detecting shared common environmen tal effects, although any shared common environmental ef fects cannot be greater than the common environmental effects for schizophrenia, which are small. 
